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In t*« early studies of hypernuclei it was reslized that Pauli Blocking would inhibit
the A*nN u...y in a heavy nyltenl and that the dominsnt decay mode of heavy hypernucle:x
would be the noonmesonic decay corresponding to the reaction AN+NN, in vhich the momentum of
the final nucleons is about 420 MeV/c¢ in the center-of-mass frame. While this expectaticn
has been born out by elperinent,z attempts to calculate the absolute nonmesonic decsy rate
have not been so succeasful. The most detajiled attespt to include the effects of nuclear
correlations on the decay rate, that of Ad--l,3 gave a value of 0.06 for the ratio of the
nonmesonic decay r::e to thelzree decay rate, rn_/r‘rze.
ment of this ratio, made in "0, which yielded s value of 3t1. Vhile the statistics in the

experiment were poor (there were 22 events)} and the background problems were severe, we

We are awsre of only one measure-

believe that the discrepancy should be subject to further theoretical and experimental in-
VEItl'lliOn.z

As a first step towards the theoreticsl investigation, we have recalculated the pion
exchange, or Klrplul-Ruder-an,5 contribution considered by Adams; in addition, we have also
considered the contribution fiom p exchange. The latter, in the limit of Ip‘-, becomcs the
contact interaction considered hy Blork and Dnluz.6 We have, bowever, introduced correls-
tions in a way that differs from that used by Adams; we simply multiply the uncorrelated
wvavefunction by a simple correlation function which we take to be the same in all two h-dy
spin-isospin states. o particular, in the results quoted here wve have bot yet iptrod. d

tensor correlstions, vhich Adams found to suppress the nonmesonic decay rate by s factor of
shout 5.

Fig. 1. n Exchange Contribution to An<iN.
The pion exchange potentisl can be calculated from the diagram is Fig. 1, vhere the
A+Nn decay vertex is hnown. Experimentally the A decsys satinfy the Al=l/2 rule quite well,
so that we build this into our smplitude by writisg it as



I(A’Nﬂi) = GrpzAﬁ (1+Ays)tih

Here A = 1.05 and A = -§.87 are empirical conltlntl.7 'l:1 are the usual isospin matrices, N
is the nucleon Dirac spinor-isospinor, and A is the direct product of the usual Dirac spinor

for the A and the spurion isospinor (O,I)T. We introduce a form factor On(kz) =
2

(Aﬁ-uz)/(ni-lz) with Ai @ 20p” to describe the strong interacticn smearing of the nNN

vertices, and we take the nonrelativistic limit to obtain the m exchange AN+NN transition
potential as
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v" =3 V.(r) (ol az) (t1 '!2) + Vp(r)r 0,1,°7,
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where the radial petentials are given by

Af A 1
V.(r) = 4 el 2 HO,Z (r,p)
n
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and

For ev) (A"*-), Vo 2 is divergent. This divergence represents a delta function potential at
the origin vhich cen be discarded when taking matrix elementr betwesen correlsted wave-

functions, and in any csse no longer exista for A"ﬁ-. Disregarding the divergence, for =]

3 2 3
"7.0 " -y lo(ur), H)'l vy hl(pr). and Hz.z LI hz(ur). wvhere l‘(x) . Jn?ixl"k(u) ia the
spherical Bessel function of the third hkinA, For the N eachanpe potential alone we can

vrite the noomesonic deca, rate, asouming tlLet the correlation function is staste

iodepeodeat, s
agp 23 A2 z .y 2 2 2
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vhere Q is the mumentum in the cm of tho final nucleons, p is the density of nuclear matter,

f e the pseudjovector RMM coupling constant (lebn § 0.08), sod in the case that &9}
3 &2
To = ¥ S rfdr Q) 4 (k) mo(ur) fUr)

vhere b 10 an average relative momentum of the A and N fo suclesr matter and f(r) (s the




correlation function. The assumption has been made that k is sufficiently smsll that the
reaction AN-NN takes place only from initial 3 atates. Using the standarJ expression for
the total lifetime of the free A partic1e7 and the above parameters, ve obtain

F

na

2 2 2
) = 1.009 {0.388 |Foo| + 4.500 |r10| + 1.551 |F2°| )

leading to the results of Table . We emphasize two points: (i) the parity conserving s-+d
transition gives 80% of I _, by far the largest contribution; (ii) we consistently obtain
larger results than Adams.

Table I. (I'“/l' ) From n Exchange

free

LA s *p s+ d total
no form factor
no correlations 0.01 1.00 3.12 4.13
oo fors facgor .
a=2.0 fm 5 0.003 0.54 1.95 2.4
no form factgr
aw= 1.8 fa & 0.001 0.44 1.87 2.31
no form factgr -4
om 10 a2 210 0.25 1.31 1.56
form factor
Ai - 20 2 0.031 0.005 1.03 1.06

a =1.8 ta?

The p axchange potential ie dominated by the tensor-1. = (Eil‘)-(azli) term, and wve
knov that Lhe s+d transition induced by this term gives the largeri coatribution to r_. To
estimste the relative importance of the R snd p exchange contributions, wve make the approx-
imation of retaining only the dominant term of the AN*NN traposition pntential of Fig. 2a.
The difficulty inm cslculating this potential lies in estimating thce sirength of the ANp
vertex. We choose to eutlimate the App  vertin from the factorization spproximstion of Fig.
b, omitting the sinfcoa® factor and obtaining the Mpo vertex by imposing the Al=1/2 rule.
It {s known thst this procedure is a good approximstion to the asgnitude d't not the sign of
the ANn uplll.udu.’ Hore aophisti-ated estimatms based upon lU(b)wm or the quark -odol“
could be made, but factorisstion will suffice for our purpose of estinmatipg th, importance
of the p exchange contributien.
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Fig. 2s. p exchange contrihution to AN+NN I'ig. 2b. Factorization approximation
to the wealk ANp
Treating the vector sesons as a degenerate nouet, the temsor part of the AN+NN transi-
tion potential generated by p »xchange is

G}. .pz (I’Ep) (l"k) 3 + .., A 1+ = -
Voa T T 7% 202 Jz% ¥pa(r) 1(0,°0)(0,°F) - 5 0,°0,] 1,1

vhere ‘p and K = Kp(l- % a) are the magnetic type couplings at the strong and weak
veitices, o = 0.6 is related to the magneiic F/D ratio by ¥/D = (1-a)/a, and

* . jz(lr) » 2

2,.2
Y] (r) z J’ E dk ——— _L ] (l )
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He:- the potential has a dipole form because of the weak form tactor for which we assume
vector dominance. The choice of Kp bas been the subject of some rontroversy in the liter-
ature. Hohler and Plotarlncnlz gave Kp = 6.6 and vector dominance uf the electro-magnetic

form factor gives “p u 3.7. The apparent discrepancy is resolved by noting thot the larger

vrlue is obtained at .2 = -:, and the smaller is obtained at .2 = 0, This indicates the
importance of including the form factor OP(:z) . (A:--:)/(:ZOAZ) to ioterpolate between

these values. With this form factor one should use ‘p a 6.6 ond A: L] 2.27-2.

P
lacluding the p exchange contribution to the transition potential leads to

2 2
6aQpG (n) a2 (1+x )(1+x,) (p)
r ) = ¥ AN . oA L3 |
om’ Rep HJ s 20 ? (2m) 20
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Using this we obtain the results of Table I]. In viewv of the difficulty one has in predict-
ing the relative oign of the s and p wave R decays wvhen using the factorization spproxima-
tion, we give the results for both choi:~s of the relative aign of the R and p terms.
(Factorization applied to both terms predicts a negative relative sign. Factorization for



the p term along with the empirical sign for A suggests s positive relative aign.)

Table II. }rn_/rfree) including nt and p exchange (s+d transitions only).

alone alone n+p n-p

no form factor
no correlations 3.12 0.49 6.08 1.13
K = 3.7

ora fncggr

£
a = 1.8 fa 1.86 0.26 3.52 0.72
= 3.7

a
fa 1.86 1.13 6.13 0.06

a = 1.8 f= 1.03 0.49 2.91 0.10

We regerd the final row of Table II as providing our current "best esimate” of the

ratio (rn_/r ). The n exchsage term and the p exchange term are of the same order of

free
magnitude, neither by itself can give a value of the racvio significantly greater than 1;

hovever, whea they are added coherently, the ratio is 2.91. Whether this agreement between

the calculated and experimental values of the ratio (rn_/r ) survives turther w r' on

free
esch is a question for the future. Still, it is clesr that investigation of the nonmeconic

decay of hesvy hypernuciei can provide information on the weak ANp coupling which is
difficult, if not impossible, to obtain by other seans.
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